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Utility Harmonic Impedance Measurement
Based on Data Selection
Jin Hui, Walmir Freitas, Member, IEEE, Jose C. M. Vieira, Member, IEEE, Honggeng Yang, Member, IEEE,
and Yamei Liu
Abstract—Determination of the utility harmonic impedance
based on measurements is a significant task for utility power-
quality improvement and management. Compared to those
well-established, accurate invasive methods, the noninvasive
methods are more desirable since they work with natural vari-
ations of the loads connected to the point of common coupling
(PCC), so that no intentional disturbance is needed. However, the
accuracy of these methods has to be improved. In this context, this
paper first points out that the critical problem of the noninvasive
methods is how to select the measurements that can be used with
confidence for utility harmonic impedance calculation. Then, this
paper presents a new measurement technique which is based
on the complex data-based least-square regression, combined
with two techniques of data selection. Simulation and field test
results show that the proposed noninvasive method is practical
and robust so that it can be used with confidence to determine the
utility harmonic impedances.
Index Terms—Harmonic impedance, noninvasive method,
power quality (PQ).
I. INTRODUCTION
U TILITY harmonic impedance is a key factor for as-sessing harmonic emission levels in electrical power
systems, since it can be successfully used to separate utility
and customer harmonic contributions, so that responsibilities
for network pollution can be identified. It is also used to check
resonance situations for harmonic filter and reactive power
compensation design. Due to this importance, utility harmonic
impedance calculation has become a concern in the PQ area,
so that, recently, several methods of determining harmonic
contributions at the point of common coupling (PCC) are based
on this parameter [1]–[6].
There are basically two types of methods used to determine
the utility impedance [7]: invasive and noninvasive methods.
The first methods are usually applied for islanding detection of
renewables, control of active rectifiers, and other applications
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where “real time” estimation is required. They operate by
injecting disturbances or harmonic currents into the network in
order to cause variations in the voltage and current at the PCC
[7]–[13] and then determine the impedance. Although these
methods usually produce reliable results, the disturbances may
cause negative impacts on the grid operation. Furthermore, the
devices necessary to generate the disturbances can be quite
expensive, mainly in medium- and high-voltage systems. In
contrast, noninvasive methods use natural voltage and current
variations at the PCC to obtain the impedance information,
without any extra devices and intentional perturbations. There-
fore, this type of approach is simpler and highly desired, and it
can be used as a more long-term measurement for the planning
of equipment (e.g., harmonic filters); however, the accuracy
and reliability of these methods have to be improved.
Indeed, several noninvasive methods have been proposed to
estimate the utility harmonic impedance [3]–[6]; however, they
need improvements for practical applications. As an example,
[3] and [4] use real numbers-based regression algorithms to as-
sess impedance parameters, yet they are likely to produce poor
results if the background harmonic varies. To overcome this
problem, in [5], the authors use the covariance characteristics
of random vectors to reduce the adverse impact of background
harmonics, even though the method gives inaccurate results if
the utility side dominates the harmonic variation at the PCC. In
[6], a resistance-sign-based method is proposed to accomplish
the task of harmonic variation selection. Based on the fact that
the real part of the utility impedance is always positive, it se-
lects the variation samples by judging the sign of the real part
of . This method has been validated by using
two ideal cases, which are not sufficient to assess its practical
performance [1], [5].
Therefore, it is desirable that more reliable, noninvasive
methods for utility harmonic impedance estimation be devel-
oped. One of the main keys for this is to develop techniques
of data selection that determine the variations caused mainly
by the customer side for the estimation algorithm. To reach
such a goal, this paper proposes a new noninvasive method
that can select harmonic variations at the PCC caused by the
load side by using two independent data-selection techniques.
These techniques reduce the adverse impacts of the background
harmonic by selecting the time periods during which the utility
harmonic is practically constant. In addition, in the periods
that harmonic fluctuations at the PCC are caused mainly by
the utility side, the method indicates that these data are not
reliable to calculate the utility impedance so that it should be
discarded. The selected data are used in complex number-based
linear least square regression in order to determine the utility
0885-8977/$31.00 © 2012 IEEE
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Fig. 1. Equivalent circuit for harmonic impedance analysis.
harmonic impedance. Simulation and field tests were used to
show the robustness and practical feasibility of the proposed
method.
This paper is organized as follows. Section II describes the
proposed method with two techniques of data selection. Com-
puter simulation and field tests are conducted to verify the effec-
tiveness of the proposed method in Sections III and IV. Some
concerns about the proposed method are discussed in Section V.
Finally, conclusions are drawn in Section VI.
II. PROPOSED METHOD
Fig. 1 shows the commonly used equivalent circuit for utility
harmonic impedance determination, where and are the
equivalent harmonic current sources representing the customer
and the utility, respectively; and are the harmonic imped-
ances of the respective systems.
According to this circuit, (1) can be derived at instant
(1)
where is the utility impedance at
each instant and are the phase an-
gles of and , respectively. Note
that the quantities in (1) represent the instantaneous values ob-
tained by performing discrete Fourier transform (DFT) on the
captured waveform snapshot with the time tag . Assuming that
the impedance and current of the utility side are constant, the
voltage variation at the PCC will be totally attributed to the load
side. For a group of data (i.e., harmonic samples), a complex
number-based linear least-square regression can be performed
to obtain the utility impedance since and are known
from measured data. The objective function of the regression is
given by
(2)
The solution of (2) is
(3)
where
...
...
...
and operator stands for matrix conjugate transpose. For better
readability, the estimating impedance and background harmonic
in (3) are indicated by
(4)
where and are called “impedance sample” and “back-
ground harmonic voltage sample,” respectively.
A. Random Process of the Harmonic Currents
In the aforementioned regression process, it is assumed that
the utility impedance is constant and the background harmonic
current is relatively stable (constant) compared to the cur-
rent at the PCC. This is important because when one conducts
linear regression calculations between two variables, no other
variables should change. In practice, the utility impedance is
usually stable and can be considered as constant; however, the
background harmonic current of the utility side will not always
be relatively stable during the entire assessment period (e.g., one
day, one week, etc.).
Figs. 2(a) and (b) shows the magnitudes of the 3rd harmonic
voltage and current measured at a real industrial arc furnace.
Fig. 2(c) shows the calculated background harmonic current
by using (1) and the impedance information from an invasive
method [7]. The results reveal that the fluctuation degree of the
currents is not always constant. However, if the entire time pe-
riod is divided into several equal subperiods, the variances of the
current during each subperiod are different and random. There-
fore, it is possible to select those subperiods during which only
the customer side dominates the voltage variation at the PCC.
For example, if one choses a 10-min window as the duration of
each subperiod, the data in subperiod in Fig. 2 can be used to
calculate the utility impedance since the main voltage change at
the PCC is due to the customer side; in contrast, the data in sub-
period cannot be used to extract the impedance information
since the current at the PCC during the period is as stable as the
background current.
Consequently, data selection is the critical problem in esti-
mating the utility harmonic impedance value by noninvasive
methods. For multipoint measurement methods, it is simple to
perform the data selection since the current of all the main har-
monic sources can be captured. Thus, the usable subperiods can
HUI et al.: UTILITY HARMONIC IMPEDANCE MEASUREMENT BASED ON DATA SELECTION 2195
Fig. 2. Third harmonic voltage and currents at an industrial arc furnace. (a)
Harmonic voltage measured at the PCC. (b) Harmonic current measured at the
PCC. (c) Background harmonic current.
be selected easily by comparing the relative degrees of current
changes at all measured points [14]. However, for single-point
measurement methods, it is not simple to select the usable data,
since the information of the background harmonic is unknown
in advance. To make the data selection possible for the single
point methods, two practical approaches are proposed in this
paper as follows.
B. Data Selection Approach Based on the Gathering Trend of
the Impedance Samples
A further analysis of the three curves in Fig. 2 revealed that
the larger the variance of is, the more stable the background
harmonic is compared to . Motivated by this finding, a
subperiod selection approach is presented in the following text.
In theory, selecting the subperiods during which the load
side dominates the voltage variation at the PCC is the same as
selecting the data groups whose are near
zero (note that Var is the variance of samples). In fact, for a
given group of data, can be known by measurements,
but the variance of the background harmonic (i.e., )
is usually unpredictable. Therefore, the exact ratio of
to is uncertain. However, from the mathematical
perspective, if two random variables are independent, their
ratio will tend to be zero with the increase of the absolute value
of the denominator, since the ratio is somehow like an inverse
proportional function. So if and are inde-
pendent, the ratio will tend to be zero with
the increase of . To illustrate this, a simple example is
given here. Since and are always higher than
zero, for simplicity, they are supposed to follow the positive
part of the normal distribution. The mathematical expectation
and variance of and were set to be 0 and
0.2, respectively, and they are independent. Fig. 3(a) shows the
Fig. 3. Plots of versus of a simple example.
(a) Original plot. (b) Enlarged plot.
plot of versus [Fig. 3(b) is the
enlarged figure]. As one can see, the ratio does tend to be zero
with the increase of .
In practice, it is verified that natural fluctuations in the supply
system harmonic current source will cause quite a small varia-
tion of the total harmonic current injected by the consumer at the
PCC [15]. Based on this fact, the variance of and the vari-
ance of can be considered as independent for most real cases.
Therefore, as previously mentioned, the
will tend to be zero with the increase of . The real
case presented in Fig. 2 will be studied here to show the relation
between and . Fig. 4 shows the
corresponding plot of versus .
The two charts imply that when increases, the ratio
of to is more likely to be zero. This finding
is also consistent with the simulation case shown in Fig. 3.
From the statistic theory viewpoint, the estimated impedance
sample may also tend to be the real value in the plot of
versus with the increase of . This is also
in accordance with the least-square regression theory. Since
the theory says that for regression with only one independent
variable, the mathematical variance of the estimated regression
coefficient (that is, the impedance sample in this paper),
or the credibility of the estimated regression coefficient is
determined by the ratio of the model error to the variance of the
independent variable (that is, in this paper).
Therefore, if is zero or is infinitely large,
the impedance result will be exactly equal to the real utility
impedance value. Figs. 5 and 6 show the plot of versus
of the real case shown in Fig. 2. The distribution of
verifies that the impedance samples may gather to the
true value with the increase of . Those impedance
samples with larger than a selected threshold (the
threshold is determined by the gathering zone illustrated in
Figs. 5 and 6) can be selected as the usable impedance samples.
However, since the “gathering zone” is a fuzzy concept for
a meter, a quantifiable threshold should be determined. In this
paper, 10% of the impedance samples with highest
are first selected as the candidate samples. If the variance of
those 10% samples is less than 20% of the variance of all
impedance samples, expressed as
%
%
% (5)
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Fig. 4. Plots of versus of a real case. (a) Orig-
inal plot. (b) Enlarged plot.
Fig. 5. Distributions of the real parts of the estimated impedances . (a)
Original plot. (b) Enlarged plot.
Fig. 6. Distributions of the imaginary parts of the estimated impedances .
(a) Original plot. (b) Enlarged plot.
it can be concluded that the “gathering zone” does exist and
those candidate samples can be selected as usable samples. Oth-
erwise, the data selection way will tell the user that there is no
gathering zone and no usable impedance samples exist.
Similar to the aforementioned analysis, if the customer
impedance is constant and is independent from
, or the current change at the PCC is dominated by
the utility side (e.g., the case where filters are installed on
the customer side), the impedance samples will also gather to
a constant value. But this gathered value corresponds to the
customer-side harmonic impedance (dominated by the filter).
Therefore, apart from the data-selection criteria proposed
before, the sign of the impedance samples should also be used
to check whether the impedance samples are related to the
downstream or the upstream. In theory, if the sign of
is positive, the impedance sample will correspond to the utility
side; otherwise, it corresponds to the customer side [6]. But
this criterion is very sensitive since the resistance is usually
much smaller than the reactance. To overcome this problem,
this paper only selects those samples whose real and imaginary
parts are both positive since the system impedance (especially
in the distribution system) is also typically inductive.
C. Data-Selection Approach Based on the Coefficient of
Determination
The curves in Fig. 2 also revealed that when the background
harmonic is relatively stable (constant), the voltage and current
at the PCCmay have strong linear correlation. Motivated by this
discovery, another data-selection approach is proposed.
Referring to Fig. 1, if the utility harmonic impedance and
the background harmonic current do not change during a sub-
period, the voltage variation at the PCC will be totally due to
the load side. Based on (1), the voltage variation (i.e., ,
where refers to the variation) will be only determined by the
current variation (i.e., ) and the utility impedance (i.e.,
); since is assumed to be constant, the voltage varia-
tion will be in direct proportion to the current variation (i.e.,
); therefore, the current and voltage at the
PCC are linearly related. Similarly, seen from Fig. 1, if the
customer harmonic impedance and the harmonic current
do not change during a subperiod, the current change at the
PCC will be solely from the utility side, the voltage variation
at the PCC will also be proportional to the current change (i.e.,
), and then the voltage and current will be
linearly correlated, but with a negative correlation coefficient as
the sign of the coefficient of being negative. Moreover,
if the two sides vary at the same time, the current and voltage
will not be linearly correlated and the regression result is not
trustable and it should be discarded.
In practice, the harmonic current generated from the utility
side and the current generated from the customer side are usu-
ally independent during a small subperiod, so if the voltage and
current have a strong linear relationship, the voltage change at
the PCCwill only be caused by one of the two sides, and the cor-
responding impedance samples can be selected as usable sam-
ples; otherwise, these samples should be discarded. In order to
provide a measure of how strong the liner relationship is be-
tween the two studied variables, the coefficient of determination
is used here which is defined as
(6)
where
(7)
(8)
The stronger the linear relationship is, the closer the value of
is to one, so that the better the impedance sample fits the
actual impedance value. In this paper, a threshold of 0.9
is used to select the useful samples. Similar to the first data-
selection approach, the sign of each impedance sample should
also be checked to see whether it corresponds to the upstream
or the downstream.
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Fig. 7. Distributions of the estimated impedances . (a) Plot of
versus . (b) Plot of versus .
The real case shown in Fig. 2 was again studied for this pro-
posed data-selection approach. Fig. 7 refers to the distributions
of the impedance samples with the increase of , which shows
that either the real or the imaginary part of the impedance sam-
ples gathers to a constant value with the increase of . The
gathered values are consistent with the ones shown in Figs. 5
and 6.
D. Method Guideline
The complete method is summarized as follows.
1) Divide all of the measured data ( and samples) in
the assessment period into equivalent subperiods with the
same sample number (i.e., ).
2) Perform complex-number-based linear regression on the
measured data in each subperiod to obtain impedance
sample , corresponding to the studied subperiod.
3) Use the two proposed data-selection approaches to select
the usable impedance samples and calculate the impedance
by using the mean value.
The two impedance results obtained by two different data-
selection approaches can be used to cross-check the results. And
if there are no valuable subperiods, no impedance results can be
obtained.
III. SIMULATION CASE STUDY
In this section, two typical cases are studied based on the
Norton equivalent circuit shown in Fig. 1. In Case 1, the fluctu-
ation of is dominated by the customer side, while in Case
2, the fluctuation of the is determined by both sides. The
values of network components are listed in Table I. For each
case, there are 1440 subperiods representing the time period of
an entire day (1 min with 10 harmonic samples form a subpe-
riod). For simplicity, the variance of the currents ( and )
during each subperiod was assumed to follow the positive part
of the normal distribution function. The values presented in
Table I are based on [1], where represents the normal
distribution with the expectation of and variance of , and
refers to the positive part of the normal distribution
function.
A. Case 1
In this case, the variance of is larger than that of
; therefore, the variance of the harmonic current at
the PCC will be dominated by the customer side. Fig. 8(a)
and (b) shows the correlation between
and , respectively. The plots show that the
TABLE I
VALUES OF NETWORK COMPONENTS
Fig. 8. Distribution of versus the variances of utility and customer
harmonic currents, respectively. (a) Plot of versus . (b) Plot
of versus .
Fig. 9. Distributions of impedance samples. (a) Plot of versus
. (b) Plot of versus . (c) Plot of
versus . (d) Plot of versus .
variance of the current at the PCC is strongly correlated with
that of the customer current and is independent of .
The plot of impedance samples versus the variance of is
shown in Fig. 9(a) and (b). As one can see, the real and imag-
inary parts of the impedance samples gather to constant values
with the increase of . This finding implies that the im-
pact from the background harmonic decreases with the increase
of the fluctuation degree of . Since the real and imaginary
parts of the gathered value are positive, it can be concluded
that the variance of the current at the PCC is dominated by the
customer side with the increase of , and the gathered
impedance value corresponds to the utility side. By selecting
those gathered points, the utility impedance can be calculated
as the mean value of those selected impedance samples.
The second proposed data-selection approach was also
studied in this case. The distribution of impedance samples
with the increase of the are shown in Fig. 9(c) and (d). It
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TABLE II
CONTRAST OF THE CALCULATION RESULTS OF CASE 1
Fig. 10. Distribution of versus and . (a) Plot of
versus . (b) Plot of versus .
shows that the closer the value of is to one, the better the
impedance samples fit the real values. By using the selection
criteria of 0.9, 0 and , useful
impedance samples can be obtained.
Table II lists the final results by utilizing three different
methods. Method 1 is the method proposed in [6], which is
based on the determination of the sign of .
Method 2 is the proposed method based on the impedance
gathering trend and Method 3 is the proposed method based on
the coefficient of determination. The errors of the results were
calculated by using the following equation:
% (9)
where and are the real and imaginary parts of the calcu-
lated harmonic impedance, and are the real and imag-
inary parts of the real or referenced harmonic impedance. One
can see that the results obtained from methods 2 and 3 are closer
to the real values than the ones obtained by method 1. The er-
rors of the proposedmethod are quite smaller than ones obtained
by method 1. The variance ratio (VR) from method 2 is 3.48%
(which is less than 20%), which means the impedance gathering
zone exists and the 10% candidate samples can be used with
confidence. The number of the selected data (represented by NS
in Table II) from method 3 is 530, which is also large enough
for calculating the mean value.
B. Case 2
In this scenario, the variance of the current at the PCC is in-
fluenced equally by both sides and has comparative correlations
with and . This can be seen in Fig. 10. Since
neither of the two sides dominates the variance of the current
at the PCC, the impedance samples do not gather (converge)
to the value with the increase of , as shown in
Fig. 11(a) and (b). On the other hand, Fig. 11(c) and (d) shows
Fig. 11. Distributions of estimated impedances . (a) Plot of
versus . (b) Plot of versus . (c) Plot of
versus . (d) Plot of versus .
TABLE III
CONTRAST OF CALCULATION RESULTS OF CASE 2
that good impedance samples still exist for calculating the utility
impedance by using Method 3.
Table III lists the results for case 2. For method 2, the variance
ratio (VR) is 140.86%, which means no gathering zone exists
in the plot of versus . Thus, 10% of the candidate
samples cannot be used with confidence. For method 3, the esti-
mated impedance result is close to the real value since more than
100 impedance samples can be selected as usable data. Similar
to the first case, the error obtained with method 3 is significantly
smaller than the one from method 1.
C. Discussion of the Simulation Cases
Based on the analysis of the two simulation cases, some con-
clusions can be derived as follows.
1) If the variance of the current at the PCC is strongly corre-
lated with , the impedance samples will gather to
the real utility impedance parameters. On the other hand,
if the contributions of the two sides on the variance of
are comparable, no useful data can be selected from
method 2.
2) For method 3, as long as the subperiods during which only
one side dominates the voltage changes exist, useful data
can be selected for impedance measurement.
IV. FIELD TEST VERIFICATION
In this section, the proposed technique is applied to two real
groups of data to verify its practical applicability. One is from an
industrial arc furnace, where the disturbance is large and caused
from the load side; and the other is from a service transformer,
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where the disturbances are moderated and come from the utility
and the customer sides.
A. Determination of the Duration of Each Subperiod
Selecting the duration for each subperiod is a compromise for
practical cases. Based on the idea of this paper, the impedance
value can only be obtained when there are usable subperiods
existing during the entire measurement period. The more us-
able subperiods that exist, the more reliable the results will be.
In order to increase the chances of obtaining more usable sub-
periods, more candidate subperiods are needed. If the measure-
ment period is limited and fixed, the only way to increase the
number of the candidate subperiods is to reduce the duration of
each subperiod. However, very short duration may lead to small
amounts of samples in each subperiod; therefore, the linear re-
gression will be misleading. Based on practical investigations,
we propose 10 samples as the minimum sample amount to guar-
antee that the linear regression algorithm will work properly. In
addition, if the duration corresponding to 10 samples is too short
(for example, 10 samples corresponds to only 1 s), the fluctua-
tion characteristic of the harmonics cannot be reflected for gen-
eral loads. Therefore, we propose 30 s as the minimum time
duration for a subperiod.
Based on the aforementioned explanation, the final duration
for each subperiod can then be determined. For the first real case
study in this paper, since the time interval between two adjacent
samples is 1 min, the duration of 10 samples is 10 min, which
has already exceeded the requirement of 30 s, so 10 min was
chosen as the duration of each subperiod for the first real case.
For the second real case study, the time interval between two
adjacent samples is 3 s, 10 samples correspond to 30 s, so we
chose 30 s as the duration of each subperiod.
B. Measurement at an Industrial Arc Furnace
The measurements were obtained at a 150-kV bus feeding
a dc arc furnace. DFT was performed to obtain the harmonic
values for every minute by using the LEM TOPAS 1000 power
network analyzer. All of the harmonic angles were referenced
to the fundamental voltage. On the customer side, there are two
single-tuned filters for the 5th and 7th harmonics installed.
The third harmonic voltage and current of this case, measured
during one day, were shown in Fig. 2(a) and (b). In this pe-
riod, 1440 harmonic samples were first divided into 144 sub-
periods (10 points per subperiod). The variance of and the
coefficient of determination during each subperiod are shown in
Fig. 12(a) and (b), respectively. These curves show that the vari-
ance of and the coefficient of determination are correlated
so that when the current variance is very small, the coefficient of
determination is also far from one, and vice-versa. But this cor-
relation is not strictly linear since reflects the relative ratio
of to while is the absolute value.
Figs. 5–7 show the impedance samples versus and
. As one can see, the impedance samples gather to a constant
value with the increase of and . The variance ratio
(VR) of Figs. 5 and 6 is 0.02%, which implies that the gathering
degree of the impedance samples is strong enough to achieve an
accurate estimation. Therefore, by applying average calculation
Fig. 12. Curves of the variance of and the coefficient of determination for
the third harmonic. (a) curve. (b) curve.
TABLE IV
CALCULATED UTILITY HARMONIC IMPEDANCE VALUES
to the selected impedance samples, the final utility impedance
values were obtained.
The measured data of the 5th, 7th, 11th, and 13th harmonics
were also analyzed in order to obtain the corresponding utility
impedance values. The results are shown in Table IV. To check
the accuracy of the results, reference impedance information
was provided by using the invasive method with switching on
and off the load [7].
For the 5th and 7th harmonics, both the gathering trend index
VR of method 2 and the number of selected impedance samples
(NS) from method 3 indicate that there is no suitable subperiod
during which the customer influence dominates. This is because
there were filters operating at these two frequencies; therefore,
the current at the PCC is not large enough for impedance cal-
culation. Table IV also shows that the results provided by the
proposed methods are very close to the reference values at the
three harmonic frequencies without filters, while the results pro-
vided by method 1 are all misleading. Fig. 13 summarizes the
relative errors.
C. Measurement at a Service Transformer
The second set of measurements was taken at the secondary
side of a service transformer supplying electrical power to
households. The measurements were taken at 6 cycles per 3 s,
which means in every 3 s, a 6-cycle waveform snapshot was
captured, then DFT was applied to the determine harmonic
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Fig. 13. Relative errors of calculated utility impedance results. (a) Original
plot. (b) Enlarged plot.
Fig. 14. Distributions of the 3rd harmonic impedance samples . (a) Plot of
versus . (b) Plot of versus . (c) Plot
of versus . (d) Plot of versus .
measurements. The number of data samples in each subperiod
was also chosen as 10, so the selected subperiod was 0.5 min
(the entire period is 24 h with 28 800 samples).
The investigation indicates that the disturbances of the har-
monics under analysis come from both sides in this case. For
some harmonic orders, the disturbance from the utility side is
even larger than that from the load side during the complete
analysis period (e.g., third harmonic of the first day). Fig. 14
shows the distributions of the 3rd harmonic impedance samples
of the first day. It is seen that though the 3rd harmonic distur-
bance at the PCC is caused by the two sides, and the disturbance
from the utility side is stronger during the complete period, there
were still subperiods during which the disturbances were domi-
nated by the load side. So the impedance samples still tend to be
the real 3rd utility harmonic impedance value with the increase
of and . And usable impedance samples can be se-
lected by the proposed approaches.
The impedance results of six main harmonic orders from
the three different methods are listed in Tables V–VII, corre-
sponding to three different days. The impedance information
provided by the transformer manufacturer is considered as the
reference since the utility impedance in distribution systems
is usually dominated by the connection transformer [2]. The
relative errors of the results for three different days are shown
in Figs. 15–17, respectively.
For the first two days, the impedance values of all harmonic
orders under analysis could be obtained by the proposed
methods, as shown in Tables V and VI. Most of the errors
Fig. 15. Relative errors of the calculated utility impedance results for the first
day. (a) Original plot. (b) Enlarged plot.
Fig. 16. Relative errors of the calculated utility impedance results for the
second day. (a) Original plot. (b) Enlarged plot.
Fig. 17. Relative errors of the calculated utility impedance results for the third
day. (a) Original plot. (b) Enlarged plot.
TABLE V
CACULATED UTILITY HARMONIC IMPEDANCE VALUES OF THE FIRST DAY
are less than 20% and about half of the errors are under 10%
by using the proposed methods. This implied that there were
subperiods that the voltage variance at the PCC was mainly
caused by the customer side. But for the third day (Table VII),
the impedance values of about half of the harmonic orders
could not be obtained due to the absence of usable subperiods.
This occurred because the background harmonic fluctuated
more strongly than the customer harmonic contribution over
the entire day.
On the other hand, though method 1 could provide the
impedance values at all harmonic frequencies during the three
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TABLE VI
CACULATED UTILITY HARMONIC IMPEDANCE VALUES OF THE SECOND DAY
TABLE VII
CALCULATED UTILITY HARMONIC IMPEDANCE VALUES OF THE THIRD DAY
days, its results were not credible especially for the resistances.
The relative errors all exceed 100%, and can go to about 800%.
The proposed methods were capable of estimating the utility
harmonic impedances with good accuracy since they could
automatically select the reliable subintervals.
V. FURTHER DISCUSSIONS
Several additional issues identified in this research work are
discussed here as follows.
A. Data Synchronization
For the single-point measurement, the current power-quality
(PQ) instruments cannot strictly collect synchronized data since
the fundamental frequency is always changing. A small fre-
quency deviation will result in large phase-angle measurement
errors for harmonics when the time window is fixed. Therefore,
if the harmonic phase angle changes, it is usually hard to iden-
tify whether it is due to the frequency change or the change of
load. In this paper, all of the harmonic phase angles were cal-
culated referenced to the fundamental voltage rather than the
rising edge of each time window, since the phase change of the
fundamental voltage can be ignored compared to that of the har-
monics. Practical investigations revealed that the impact of the
change of fundamental voltage phase angle is small and the re-
sulting errors can be ignored in calculating harmonic imped-
ances. This has also been verified by the previous field tests.
B. Cases With Filters Installed on the Customer Side
In some cases, harmonic filters are installed on the customer
side, thus making the customer impedance much smaller than
that of the utility at the filtered frequencies. Therefore, the calcu-
lated impedance samples will gather to the customer impedance
or there will not be any reliable subperiods. If one wants to know
the utility impedance in this case, he or she can change the me-
tering point to the place between the filter and the customer, and
then the impedance samples may gather back to the impedance
of the “utility side.” But the selected impedance samples will
refer to . Since the filter parameter is usually known
according to the design, the real can then be obtained.
C. Cases With Reactive Compensators Installed on the Utility
Side
In cases where there are compensators (capacitors) installed
on utility side, the calculated “utility impedance” will refer to
the combination of the utility network impedance and the com-
pensators . Moreover, the compensators will
not affect the calculation results from the proposed method. As
mentioned before, the critical problem in estimating the utility
harmonic impedance is how to select the data corresponding to
the time periods during which the voltage fluctuation at the PCC
is dominated by the load side, not the network configuration. As
long as there are data corresponding to the time periods during
which the voltage fluctuation of the PCC is dominated by the
load side, they can be selected by the proposed method and the
utility impedance can be estimated with confidence.
VI. CONCLUSION
This paper presented a new utility harmonic impedance
method, based on voltage and current measurements, which is
based on the complex data-oriented least-square regression and
two techniques of data selection. The main characteristics of
the proposed method are as follows.
1) Complex data-based least-square regression was proposed
to perform the impedance measurement, which can reduce
the noise impact. In addition, to further make the results re-
liable and reduce the adverse impact of the background har-
monics, two independent methods of data selection were
proposed to determine the time periods during which the
utility harmonic is relatively stable (constant) so that the
measured data can be used with confidence for harmonic
impedance calculation.
2) The two different data-selection methods can be used to-
gether to cross-check the results of each other. In cases
where the fluctuations of harmonic voltage at the PCC are
always dominating the utility side, the proposed method
can tell the user that no reliable data can be used to per-
form the impedance calculation during this period.
3) The method does not require any data or intentional oper-
ations other than the voltage and current waveforms at the
measuring point, so it can be easily implemented on ex-
isting digital meters.
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